https:/ /agritechpublication.com

Article ID: ATT20240208005

Utilization of Aneuploidy in Crop Improvement

S. N. D. Praveen Kumar and Chintha Suvarna

M. Sc. (Ag), Dept. of Genetics and Plant Breeding, S.V. Agricultural College, Tirupati, A.P.
Ph.D. Scholar, Dept. of Genetics and Plant Breeding, S.V. Agricultural College, Tirupati, A.P.
Corresponding Authors: sankuratripraveenkumar@gmail.com

Aneuploidy, the condition of having an
abnormal number of chromosomes, is a significant
tool in crop improvement. It aids in gene mapping,
trait introgression from wild relatives, and the
development of stress-resistant and high-yielding
varieties. Recent research highlights both the
challenges and opportunities associated with utilizing
aneuploidy in breeding programs, particularly in
polyploid crops like wheat and barley.

Applications of Aneuploidy in Crop Breeding

Aneuploidy, which involves changes in the
number of individual chromosomes, plays a vital role
in crop breeding by enabling precise genetic
manipulation. Below are the major applications of
aneuploidy in crop improvement, discussed in detail:

1. Gene Mapping and Functional Genomics

Aneuploid lines like monosomics (plants with
one chromosome missing) and nullisomics (lacking a
complete chromosome pair) allow breeders to link
specific traits to chromosomal regions. This is
especially useful in polyploid crops such as wheat and
barley, where multiple copies of each chromosome
complicate trait analysis.

Example in Wheat: Monosomic and nullisomic lines
in wheat have been instrumental in identifying loci for
traits like disease resistance, kernel weight, and
flowering time. By growing these lines and observing
phenotypic changes, researchers can pinpoint the
chromosome responsible for the trait of interest

This technique also helps breeders prioritize
regions of interest for further study, making it easier
to integrate with next-generation sequencing and
marker-assisted selection (MAS) tools.

2. Introduction of Resistance Genes from Wild
Relatives

Aneuploid breeding provides an efficient way
to introduce resistance traits from wild relatives into
cultivated crops. This involves the use of alien
substitution lines, where a chromosome from a wild
species replaces a chromosome in the crop plant to
transfer specific resistance genes.

e Wheat Breeding with Wild Relatives:
Resistance to diseases such as rust and
powdery mildew has been introduced into
wheat using chromosomes from wild relatives
like Aegilops. Substitution lines help avoid
linkage drag, meaning that only the desired
trait is transferred without bringing along
undesirable characteristics

e Hybrid Crops and Stress Resistance:
Researchers have used wheat-rye
translocations to introduce drought tolerance
and pest resistance into cultivated wheat,
improving resilience against environmental
stressors.

3. Development of Stress-Tolerant Crops

Aneuploid breeding helps develop stress-
tolerant crops by allowing the addition or deletion of
chromosomes containing genes that control stress
responses. Through aneuploid manipulation,
breeders can generate plants that tolerate drought,
heat, and salinity better.

Head  Blight  Resistance:
Researchers recently demonstrated how
marker-assisted selection combined with
aneuploid lines could introduce multiple
resistance genes (e.g., Fhbl and Fhb2) into
wheat. This method ensures crops can better
withstand fungal infections without sacrificing
yield

e Fusarium

Aneuploid lines also serve as excellent
platforms to test new genome-editing tools like

CRISPR/Cas9 by enabling breeders to evaluate the
effect of dosage changes on stress-response pathways.

4. Chromosomal Engineering for Trait Improvement

Aneuploidy facilitates chromosomal
engineering, which is the targeted modification of
chromosomes to alter specific traits. This approach is
especially useful in plants with complex genomes, like
polyploids, where traditional breeding methods
struggle to achieve precise outcomes.

¢ Morphological Changes: By deleting or
duplicating specific chromosomes, breeders
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can alter plant height, grain size, and flowering
time. For example, wheat lines with extra
doses of certain chromosomes have been
shown to exhibit enhanced kernel weight and
yield, making them ideal for commercial
production

Stabilizing Traits in
Chromosome manipulation ensures that
hybrid crops retain key traits across
generations, which is crucial for producing
climate-resilient cultivars. Advances in
molecular biology now make it easier to
stabilize these chromosomal changes, ensuring
that the plants remain productive and resistant
under changing environmental conditions

Hybrid Crops:

5. Facilitating Genome Editing and Polyploid
Studies

Aneuploid plants are ideal platforms for

testing genome-editing techniques, especially in
polyploids where gene redundancy makes it difficult
to assess mutations. By using aneuploid lines with
missing chromosomes, researchers can isolate gene
functions more effectively.

Integration with CRISPR/Cas9: CRISPR-
based genome editing has been used on
aneuploid lines to improve efficiency. For
example, wheat breeders have successfully
edited genes related to drought tolerance and
grain quality by targeting chromosomes
selectively missing from aneuploid plants

Challenges and Recent Developments in Utilizing
Aneuploidy for Crop Improvement

1. Reduced Fertility and Viability

o Aneuploid plants often show reduced
fertility, making it challenging to
propagate them through conventional
breeding methods. The loss or gain of
chromosomes can lead to abnormal
meiotic division, disrupting gamete
formation and seed production

o Polyploid crops like wheat, which
already have complex genomes, face
additional ~ challenges due to
chromosome instability, resulting in
low survival rates of aneuploid

progeny.

2.

3.

Chromosomal Instability

o Chromosomal instability in aneuploid
lines can result in wunpredictable
phenotypes across generations,
complicating the breeding process. As
the chromosomes do not segregate
evenly during meiosis, it can be
difficult to maintain desired traits
stably. This is particularly problematic
for wheat-rye hybrids, where trait loss
or inconsistency often occurs after
successive generations

o The presence of extra or missing
chromosomes may also disrupt
important =~ metabolic = pathways,
resulting in undesirable phenotypes or
poor plant performance under field
conditions.

Limited Use
Programs

in Commercial Breeding

o Due to fertility and instability issues,
the direct use of aneuploid plants in
commercial breeding is limited. Most
breeding programs rely on these lines
only for research or pre-breeding
stages, where they serve as tools to
identify desirable traits and genes

o Propagating aneuploid lines also
requires specialized expertise in
cytogenetics, which limits their

widespread adoption.

Recent Developments to Overcome Challenges

1.

Integration with Molecular Tools: CRISPR
and MAS. Recent advancements in genome
editing tools like CRISPR/Cas9 have
improved the utility of aneuploidy by enabling
breeders to target specific genes on selected
chromosomes. By combining genome editing
with  marker-assisted selection (MAS),
breeders can now introduce desirable genes
and stabilize them more efficiently in
aneuploid lines

o Example: In wheat, researchers have
used CRISPR/Cas9 to edit specific loci
responsible for drought tolerance and
disease resistance, enhancing the
practical utility of aneuploid plants.
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2. Advances in Chromosomal Engineering

o Techniques such as chromosome
substitution and translocation
breeding allow the replacement or
reorganization of chromosomes to
stabilize traits across generations. For
example, wheat breeders have used

chromosome substitution lines to
introduce rust resistance without
compromising yield potential

o Advances in doubled haploid

technology are also being combined
with aneuploid breeding to produce
stable hybrids with desirable traits in a
shorter time.
3. Improved Phenotyping and Genomic Tools

o High-throughput phenotyping
platforms, integrated with next-
generation sequencing (NGS), allow
breeders to rapidly evaluate aneuploid
lines for agronomic traits. This
improves the selection process by
identifying plants with optimal trait
combinations more efficiently.

o Genomic approaches also help
breeders predict which chromosome
changes are likely to stabilize desirable
traits, thereby reducing the trial-and-
error nature of aneuploid breeding.

4. Stabilization of Aneuploid Lines

o Research is focused on stabilizing
aneuploid plants by selecting lines
with balanced chromosomal
alterations that do not disrupt vital
plant functions. This involves the use of
polyploid stabilizers — genetic
elements that ensure chromosomes
segregate evenly during meiosis

o The development of segmental
aneuploids, where only parts of a
chromosome are added or removed,
offers a more controlled approach to
trait manipulation compared to whole
chromosome changes.

Importance of Aneuploidy in Crop Breeding

Aneuploidy, involving the gain or loss of
individual chromosomes, plays a critical role in

modern crop improvement. While initially viewed as
a genetic abnormality, advances in breeding and
cytogenetics have revealed that aneuploid lines
provide essential tools for gene discovery, trait
manipulation, and the introgression of beneficial traits
from wild relatives. Below are the key ways in which
aneuploidy contributes to crop breeding;:

1. Gene Mapping and Chromosome Assignment

Aneuploid plants, particularly monosomics
(missing one chromosome) and nullisomics (lacking a
pair of homologous chromosomes), help breeders
localize genes to specific chromosomes. These tools
are especially useful in polyploid crops like wheat,
where multiple copies of the same gene can
complicate trait analysis.

e By examining how the absence or duplication
of a chromosome affects the phenotype,
breeders can map genes for traits like disease
resistance, yield, and flowering time to precise
chromosomal regions.

e For instance, studies wusing nullisomic-
tetrasomic lines in wheat have helped assign
resistance genes against stem rust to specific
chromosome arms, providing a foundation for
further marker-assisted selection (MAS).

2. Introgression of Resistance Traits from Wild
Relatives

Aneuploid lines are indispensable for
introgression breeding, which introduces desirable
traits from wild relatives into cultivated species. Using
alien chromosome addition and substitution lines,
breeders have successfully incorporated resistance to
diseases like rusts, mildew, and Fusarium head blight.

Example: Wheat-rye hybrids utilize alien substitution
lines to transfer resistance genes from rye (Secale
cereale) into wheat without sacrificing yield or quality.
This approach ensures precise trait transfer without
introducing undesirable characteristics that often
accompany conventional hybrid breeding.

3. Development of Stress-Resilient Varieties

Aneuploid lines offer unique opportunities for
breeding crops that can tolerate environmental
stresses, such as drought, heat, and salinity. By
systematically adding or removing chromosomes
involved in stress responses, breeders can create
plants with enhanced resilience.
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Example: Researchers have used aneuploid lines to
enhance drought tolerance in wheat by manipulating
chromosomes associated with osmotic regulation.
Through precise selection, breeders can develop
stress-tolerant cultivars that perform well under
adverse environmental conditions.

4. Chromosome Engineering for Complex Trait
Manipulation

Chromosome engineering, facilitated by
aneuploidy, allows breeders to introduce and stabilize
complex traits by reorganizing or substituting
chromosomes. Segmental aneuploids—where only
part of a chromosome is added or removed—help
fine-tune traits like grain quality, plant height, and
flowering time.

o Translocation breeding—another form of
chromosome  manipulation—enables the
transfer of chromosomal segments from one
species to another, enriching the genetic base
of the crop.

5. Accelerating Genome Editing and Functional
Genomics

Aneuploid plants are ideal platforms for
functional genomics and gene-editing experiments.
The ability to remove or duplicate specific
chromosomes allows breeders to isolate gene
functions more effectively, which is particularly
important in polyploids where genes are often
redundant.

e Integration with CRISPR/Cas9: Genome
editing tools like CRISPR/Cas9 are being
increasingly used on aneuploid lines to
explore gene functions and enhance desirable
traits such as disease resistance and stress
tolerance.

e This strategy has proven invaluable in
developing precisely edited plants that retain
important agronomic traits while improving
performance under changing environmental
conditions.

6. Overcoming Genetic Barriers in Hybrid Breeding

Aneuploidy plays a critical role in overcoming
genetic  incompatibilities ~ during  interspecific
hybridization. By creating bridging lines that include

alien chromosomes, breeders can facilitate the transfer
of important traits from species that otherwise cannot
crossbreed.

Example: In rice breeding, aneuploid lines have been
used to introduce novel yield-related traits from wild
relatives, breaking hybridization barriers and
enhancing the diversity of modern rice cultivars.

7. Contribution to Polyploid Breeding

Many important crop species —such as wheat,
cotton, and brassicas—are polyploids. Aneuploid
breeding provides valuable insights into polyploid
genome structure and function. Researchers use
aneuploid lines to study gene expression patterns in
polyploids, identifying how certain traits are
controlled by different copies of the same gene
(homeologs) across multiple genomes.

Conclusion

The utilization of aneuploidy in crop
improvement has contributed significantly to the
development of high-yield, disease-resistant, and
climate-resilient crops. While challenges related to
fertility and chromosome stability remain, integrating
modern molecular tools with traditional aneuploid
approaches promises to unlock new possibilities in
crop breeding. As climate challenges intensify,
aneuploid breeding will continue to play a crucial role
in ensuring global food security.
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